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Summary
Objective: Few data are available on the level of actual physical activity in patients with osteoarthritis (OA) of the hip and knee. The aim of this
study was to measure the level of actual physical activity of patients with end-stage OA of the hip and the knee, to compare this with that of
matched healthy controls, and to analyze the data in order to ascertain the factors of inﬂuence.
Method: The actual physical activity was measured with an activity monitor (AM) in 40 hip and 44 knee OA patients, and compared with mea-
surements obtained from healthy controls. Data were also collected on pain and psychological aspects as anxiety, depression and mental
functioning. The primary outcome parameter of the actual physical activity was the percentage of movement-related activity.
Results: The percentage of movement-related activity did not differ between the two OA groups. It was 8.8 (4.2)% for the hip and 8.1 (3.8)% for
the knee OA patients. The matched controls were signiﬁcantly higher movement-related active than OA patients (about 11.0 (2.9)%). Increas-
ing age and body mass index were negatively associated with the percentage of movement-related activity (b¼0.29 and b¼0.25, respec-
tively), whereas mental functioning was positively related (b¼ 0.30).
Conclusion: The impact of end-stage OA on the level of actual physical activity is equal for hip and knee OA patients. The actual physical
activity for both of the OA groups was signiﬁcantly and clinically relevantly lower compared to controls. However, this difference was smaller
than expected and less dominant than patients’ perception of limitations in daily life. Clinicians must be aware that the patients’ perception of
physical functioning in daily life does not always correspond to the actual physical activity.
ª 2007 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.
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Osteoarthritis (OA) of the hip or knee causes pain and loss
of joint mobility which leads to restriction in physical func-
tioning: patients can no longer walk as far or as fast, they
have difﬁculties in climbing stairs, getting in or out of the
car, and standing up from a chair1,2. These examples
show that the term ‘physical functioning’ covers different as-
pects. First, it may include the patient’s perception of his/her
functioning in daily life as measured with the self-report
questionnaires such as the Western Ontario and McMaster
Universities Osteoarthritis Index (WOMAC)3,4. Second, it
may include the capability of patients to perform tasks
and activities as measured by the 6-min walk test or the
timed up-and-go test5,6. A third aspect of physical function-
ing may include the actual performance of physical activity
in everyday life. The low correlations reported between
these three aspects of physical functioning indicate that
they measure different aspects of physical functioning6,7.*Address correspondence and reprint requests to: Mrs Ingrid
B. de Groot, M.Sc., Department of Orthopaedics, Erasmus
University Medical Center, PO Box 2040, 3000 CA Rotterdam,
The Netherlands. Tel: 31-10-4635088; Fax: 31-10-4631002;
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436The restriction of physical activity reported by the patients
serves as an indication for joint replacement surgery8,9.
Furthermore, it can be assumed that the level of everyday
activity is related to quality of life and satisfaction. So far,
however, the level of everyday physical activity has been
measured only roughly and indirectly. From the literature
we cannot determine whether there is a difference in actual
physical activity between hip and knee OA patients or
between OA patients and healthy controls.
Many factors inﬂuence physical functioning in general.
These factors are population-dependent. Studies found
several patient-related factors as well as disease-related
factors to correlate with the functional consequences of
OA. Patient-related factors include age, gender, obesity,
co-morbidity. Disease-related factors include grade of OA,
pain and stiffness of the joint, anxiety, mental health, self-
efﬁcacy, social support and self-reported level of physical
activity10e13. It is not known whether these OA related fac-
tors inﬂuence the level of actual physical activity in patients
with OA of the hip or knee.
The main aim of our study was to measure the level of
actual physical activity of patients with end-stage OA of
the hip or knee and to compare this with healthy controls.
In addition, we investigated if patient-related factors and
disease-related factors inﬂuence the level of actual physical
activity in patients indicated for total hip or total knee
arthroplasty.
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This study was designed as a prospective follow-up study. Patients with
end-stage OA of the hip or knee were monitored for 6 months after the total
joint replacement. However, only the baseline data of the end-stage OA
patients were used in this caseecontrol study.PATIENTSPatients who were scheduled for a total joint replacement within 3 months
at the Department of Orthopaedics of the Erasmus University Medical
Center, Rotterdam in the period April 2004 to May 2006 were eligible. During
the pre-operative check-up in the outpatient clinic all patients were consec-
utively approached and were informed about the study. They received infor-
mation about the study and also received written information about this
study. The patients could indicate if they wanted to participate or not or
that they needed some additional time for a decision. Indications for surgery
were primary or secondary OA. Exclusion criteria for the study were age> 80
years (n¼ 15), wheelchair-bound, not living independent (n¼ 2), the pres-
ence of disorders other than OA that could affect the level of actual physical
activity (n¼ 14), living more than 1.5 h away from the Institute (n¼ 10), insuf-
ﬁcient command of the Dutch language spoken or written (n¼ 4), the pres-
ence of OA in the contralateral hip or knee which would require operation
within 6 months (n¼ 11), not willing to sign an informed consent (n¼ 1),
no primary or secondary OA (n¼ 9), unknown if the patient would remain
available for the follow-up measurements (n¼ 3).
The Rehabilitation Department of the Erasmus University Medical Center
has created a database of 95 healthy persons in the age of 8 up to 82 years
without symptomatic hip or knee OA or other health problems. At all these
controls activity monitor (AM) measurements were performed previously.
To compare the level of activity in patients with OA we matched patients
for gender and age (5 years) with healthy controls from this database
(Table I). The local Medical Ethics Committee approved the study and all
patients signed an informed consent.MEASUREMENTSThe actual level of actual physical activity of each patient was measured.
In addition, data were collected on the age, gender, weight, height, affected
joint, grade of OA and perceived pain, anxiety, depression, mental health
and physical functioning of each patient.
Actual everyday physical activity
In both the patients and their controls, 48-h measurements were per-
formed with the AM during consecutive weekdays (from Monday to Wednes-
day or from Wednesday to Friday). To avoid bias, the principles of the AM
were explained to the participants only after the measurements. All partici-
pants agreed with this procedure. Validity studies have shown that the AM
is valid to quantify mobility-related activities. Sensitivity for the detection of
mobility-related postures and movements ranged from 79% to 99% and
predictive value from 87% to 99%. Furthermore, the AM can detect differ-
ences in everyday activities between groups, which supports its validity
and utility in clinical research14e16.
The AM is described in more detail elsewhere16. In short, four ADXL 201
piezo-resistive accelerometers (size 1 1 1 cm) were used in the following
conﬁgurations: one sensor on the sternum and one sensor at each thigh
(standard conﬁguration). During standing, the sensors on the thigh and the
trunk are sensitive in anterioreposterior direction; the trunk sensor is also
sensitive in longitudinal direction. The accelerometers were connected to
a digital recorder (Rotterdam Activity Monitor based on Vitaport technology,
Temec Instruments, Kerkrade, The Netherlands; size 15 9 3.5 cm,
weight 500 g), which was worn in a padded bag around the waist. Acceler-
ometer signals were stored digitally on a personal computer memory card in-
ternational association (PCMCIA) ﬂash card with a sampling frequency of
32 Hz. After the measurement, the data were downloaded on a computer
for analysis. The main output of the analysis is the automatic 1-s detection
of a number of body postures, body motions and changes in body postures.
In the analysis the short-lasting activities (<5 s) were disregarded. Motility is
one of the features calculated from each measured signal. This signal is cre-
ated by high-pass ﬁltering (0.3 Hz), rectifying, and smoothing the data, and
depends on the variability of the measured signal around the mean. The
four motility signals were averaged to obtain one body motility signal. The
level of body motility during walking is related to walking speed17.
Data of the AM measurement were calculated per day (24-h period) and
averaged over the two measurement days. The level of actual physical
activity was expressed by different outcome measures which involve the
percentage of activity during a 24-h period: the percentage of movement-
related activity which includes walking, cycling, general movement (primary
outcome), the percentage of walking (which includes walking stairs), the per-
centage of ‘upright’ position (which comprises standing and walking), thenumber of sit-to-stand movements, and the body motility during walking
(expressing walking speed).
Body composition
Height and weight were measured with participants wearing indoor cloth-
ing without shoes and the body mass index (BMI) was calculated.
Grade of OA
One experienced reader (JV) evaluated the radiographs of the hip and
knee, unaware of the clinical status of the patients. Radiological OA of the
hip or knee was graded by the Kellgren & Lawrence (K&L) grading system
in ﬁve grades18,19.
Pain and stiffness and physical functioning
The WOMAC consists of three dimensions: pain (ﬁve items), stiffness
(two items), and physical functioning (17 items)4. The 5-point Likert version
of the WOMAC was used and a 0e100 scale was calculated (e.g., 0 in-
dicating extreme pain and 100 indicating no pain). The WOMAC is reliable
and responsive and validated in Dutch20.
Anxiety and depression
The hospital anxiety and depression scale was developed for use with
physically ill patients. It provides clinicians and scientists with a reliable, valid
and practical tool for identifying and quantifying anxiety and depression in
medical patients. The scale consists of 14 items. It is a reliable and valid
scale21.
Mental health
The short form 36 (SF-36) is a generic health status questionnaire which
contains 36 items. It measures eight major attributes: bodily pain; physical
function; social function; role limitations because of physical problems; role
limitations because of emotional problems; mental health; vitality; and gen-
eral health perceptions. It is widely used, reliable and validated into Dutch,
and is easy to ﬁll in22,23. In this study, we used only the item ‘mental health’
from this questionnaire.Statistical analysis
Statistical analysis was performed using SPSS 10.1 for
Windows. First, the variables were explored to establish
or not they were of a normal distribution, with the
KolmogoroveSmirnov normality test. Based on this explo-
ration, the results are presented as means with standard
deviations (SDs) or as median and range. The differences
between the two OA patient groups and their controls
were evaluated by the independent t test (when the vari-
ables were normally distributed) or by the ManneWhitney
U test (when the variables were not normally distributed).
A P 0.05 was considered statistically signiﬁcant.
Linear regression was performed to assess which factors
were associated with the percentage of movement-related
activity as a dependent variable. The independent variables
were age, gender, BMI, pain, stiffness, anxiety, depression
and mental health. All factors that showed a signiﬁcant
univariate relationship (P< 0.10) with the level of move-
ment-related everyday activity were entered in a backward
multiple linear regression analysis to construct a regression
model for the level of movement-related activity.Results
In the period April 2004 to May 2006, 174 patients were
scheduled to a total joint replacement within 3 months
and visited the outpatient clinic for the pre-operative
check-up. Of these 174 patients 69 were excluded due to
exclusion criteria. Twenty-one patients did not want to par-
ticipate in this study (n¼ 21). The research sample included
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438 I. B. de Groot et al.: Everyday physical activity in patients with end-stage hip or knee OA84 patients (Table I). The hip OA patients did not differ in
age compared to the knee OA patients. Hip OA patients
had a signiﬁcantly lower BMI than knee OA patients. To
compare the level of activity in patients with OA, they
were matched by gender and age (5 years) with healthy
controls from a database of AM measurements previously
performed in controls (Table I). We matched 34 hip OA
patients and 37 knee OA patients with controls. The knee
OA group had a higher BMI than its control group
(P 0.001).
Table II shows the outcome parameters of actual physical
activity of the patients with OA of the hip and knee and their
controls.
The mean percentage of movement-related activity did
not differ between the two OA groups. It was 8.8% for the
hip and 8.1% for the knee OA patients, which is equal to
127 and 117 min of activity, respectively, per 24-h period.
Similar results were found for the other variables, except
for the variable of ‘number of sit-to-stand movements’.
The knee patients made signiﬁcantly fewer sit-to-stand
movements during the day than the hip OA patients (46.2
vs 53.5, P¼ 0.017).
In comparison with the control groups, the matched OA
groups showed a signiﬁcantly lower percentage of
movement-related activity; that is, 11.0% and 11.3%, which
is equal to 158 and 163 min of activity, respectively, per
24-h period. Similar results were found for the percentage
of ‘walking’.
The mean percentage of being upright did not differ be-
tween the two OA groups. It was 20.7% for the hip and
19.1% for the knee OA patients, which is equal to 298
and 275 min of activity per 24-h period. In comparison
with the control groups, the matched OA groups showed
a signiﬁcantly lower percentage of being upright; that is
24.7% and 25.9%, which is equal to 356 and 373 min of
activity, respectively, per 24-h period.
The matched knee OA patients made signiﬁcantly fewer
sit-to-stand movements in comparison with their controls.
Walking speed, expressed by body motility during walking,
tended to be lower in the matched OA patients than in the
controls (P¼ 0.051 and P¼ 0.096).
Univariate linear regression showed that the variables
age, BMI, depression and mental functioning were related
to the percentage of movement-related activity (P< 0.10)
(Table III). In a multivariate linear regression analysis,
age, BMI and mental health remained signiﬁcant. The
explained variance of this ﬁnal model was 0.224. When
the two OA groups were analyzed separately, mental health
was the only signiﬁcant factor in the multivariate model in
the hip OA patients (b¼ 0.378, P¼ 0.016), whereas age
(b¼0.355, P¼ 0.015) and BMI (b¼0.349, P¼ 0.016)
were signiﬁcant in the knee OA patients.
Discussion
In this study, we measured actual everyday physical
activity in patients with end-stage OA of hip or knee.
Patients with OA of the hip and OA of the knee were com-
pared with each other, as well as OA patients with control
subjects without symptomatic hip or knee OA. Additionally,
patient-related and disease-related factors which potentially
inﬂuence patients’ everyday physical activity were exam-
ined. OA patients were less active for 30e45 min per day
than control subjects. No signiﬁcant difference in actual
physical activity was found between both OA groups. Age,
BMI and mental functioning inﬂuenced the level of actual
physical activity in these groups.
Table III
Results of linear regression analysis on the total OA group
b* (P-value)
Univariate Multivariate
Age 0.250 (0.022) 0.292 (0.006)
BMI 0.282 (0.010) 0.246 (0.018)
Depression 0.204 (0.067) e
Mental health 0.280 (0.011) 0.297 (0.005)
*Standardized beta.
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439Osteoarthritis and Cartilage Vol. 16, No. 4Comparison of the activity data of our study with that of
other studies is not feasible because related studies gener-
ally focused on whether or not hip and knee OA patients
feel disabled when performing activities such as walking,
rising from a chair and climbing stairs24,25. We found only
one study in which a kind of AM was used to study actual
physical activity in OA patients26. However, the outcome
parameters of that study were different from ours. Addition-
ally, their study population was different with respect to age,
type and grade of OA, and gender distribution, and they did
not compare OA patients with control subjects. Therefore,
our study is unique regarding the data provided on actual
daily physical activity.
When comparing OA patients with the controls, we found
that patients with hip and knee OA were less active than
non-OA control subjects. This was expected, since OA pa-
tients frequently report that they limit their level of actual
physical activity to avoid pain or due to their inability to per-
form certain activities. Although when expressed in minutes
per day the difference in activity between OA patients and
controls is less than we expected, when expressed as a per-
centage it is considerable (19e27%) and in our opinion
clinically relevant. However, it is not reported in the litera-
ture which differences between OA patients and controls
are considered as clinically relevant, which makes the ap-
praisal of our data slightly subjective. The WOMAC physical
functioning score (mean 43) conﬁrms our assumption that
people with OA perceive limitations in their physical func-
tioning. These perceived limitations seem, however, to be
more dominant than, and not directly related to, the
decrease in actual physical activity. A similar result was
found in studies using the AM in other patient groups,
e.g., patients with post-polio syndrome or Guillain-Barre´
syndrome27,28. It may be that patients keep their actual
activity level as high as possible. Pain medication, used
by most of the end-stage OA patients may have the effect
that people maintain a certain level of physical activity.
Although the most hindering factors seem to be pain and
discomfort, the actual physical activity remains for the
most part possible. Clinicians should realize that the
patient’s perception of physical functioning in daily life
does not always correspond to the actual physical activity.
The AM provides many outcome measures. Some of
them can be expected to be strongly interrelated because
they measure similar concepts. However, other parameters
represent different concepts, and the effects of a disease
may be parameter speciﬁc. For example, compared to the
percentage being active the difference between OA and
control subjects was larger for the parameter ‘being upright’,
and this parameter was also strongly discriminative be-
tween the two OA groups: hip OA patients were ‘upright’
for 58 min less and knee OA patients for 98 min less than
the controls. Another parameter that showed a signiﬁcant
difference between OA subgroups was the number of sit-
to-stand movements. Knee OA patients made 15 fewer
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sit-to-stand movements than hip OA patients. The load on
the knee joint is high during the sit-to-stand movement,
which could explain the difference in this outcome parame-
ter between knee OA patients and controls and not for the
hip OA patients and controls.
Another parameter of interest is the walking speed. In our
study, walking speed tended to be slower in the OA patients
than in their controls. A reduced walking speed in OA pa-
tients compared to controls is reported in the literature, al-
though Landry et al. and Mundermann et al. did not ﬁnd
any differences in walking speed between knee OA patients
and controls29e35. The non-signiﬁcant results on walking
speed in our study can have different explanations. First
of all, the effect of OA on walking speed may not be unam-
biguous, as the ﬁndings from the literature also suggest.
Secondly, in most studies walking tests are carried out in
a laboratory setting, and these measurements may provide
other data than our measurements that are based on walk-
ing speed during walking at home. Another explanation may
be that in our study walking speed was indirectly measured
by the parameter body motility during walking, which is
a proven indicator for walking speed, but possibly less dis-
criminative than direct measures of walking speed. Finally,
we may have failed to show a signiﬁcant difference in
walking speed due to the relatively small study population.
The difference in the actual physical activity per day be-
tween OA patients and the controls does not depend only
on the data from the OA group, but also on that of the con-
trol group. It is possible that the control group was not a rep-
resentative group. However, in three other studies with
control groups of similar age and gender distribution, the
percentage of movement-related activity was between
11.3 and 11.6 per day, which is comparable with our results
and allows us to conclude that our selection of controls did
not deviate from others36e38. Therefore, we feel that the
ﬁndings of our study do not depend on unreliable data of
the control group.
When comparing the results of the WOMAC subscales,
the SF-36 mental health subscale and the hospital anxiety
and depression scale (HADS) which measures anxiety
and depression, we found that our OA patients showed sim-
ilar results to other studies in OA patients who had yet to
undergo a total joint replacement25,39e41.
Age and BMI were negatively related to movement-
related activity, whereas mental functioning was positively
related to movement-related activity. These results are in
line with the general assumption that the older a person
is, the less active he/she is, and that a person with a higher
BMI will be less active26. The positive relationship between
mental functioning and physical activity is reported
frequently, although Bussmann et al. found a negative rela-
tionship between mental functioning and physical functio-
ning7,42e45. Analyses performed on the two subgroups
separately, showed that age and BMI were only related in
knee patients and mental functioning in hip patients. We
do not have an univocal explanation for the difference of
results between hip and knee patients. The number of
patients in each subgroup may not be large enough to
pick up some relationships. Surprisingly, pain was not asso-
ciated with movement-related activity, whereas pain is
reported as the most signiﬁcant factor in relation to func-
tional consequences of OA10. However, in the study of
Hirata et al. in which actual activity was also objectively
measured, pain was also not related to the level of actual
everyday activity26. One possible explanation for the lack
of correlation between pain and the actual physical activitymay be use of (pain) medication as mentioned above.
Another reason is that patients may ﬁnd it difﬁcult or may
not want to decrease their normal movement behavior: for
example certain tasks simply have to be performed, despite
perceived limitations in physical performance.
When comparing the movement-related activity to other
patient groups measured with the same AM we found that
OA patients were rather limited in their everyday life. The
percentage of movement-related activity in the OA patients
(8.4%) was lower than in Guillain-Barre´ patients (10.7%), in
patients with spastic cerebral palsy (10.6%) and in chronic
pain patients (9.9%)28,37,46. However, the percentage of
movement-related activity in the OA patients was higher
than in chronic heart failure patients (7.6%), in young adults
with meningomyelocele (6.5%), in amputation patients
(4.3%) and in spinal cord injury patients (3.4%)14,38,47,48.
Some patient groups are physically not able to maintain
a high level of actual physical activity. In other patient
groups, such as OA patients, the more important problem
is pain and difﬁculty in performance. Overall it can be stated
that OA patients seem to be moderately limited in the actual
physical activity compared to the other patient groups.
This study has some limitations. First, because the study
group comprised a relatively small number of patients, we
may have missed signiﬁcant determinants for explaining
the level of actual physical activity. However, in the compar-
ison of groups, we feel that the number of patients was not
a crucial factor. The fact that we found signiﬁcant differ-
ences between the patient group and the control group
indicates that reliability and type-II error were not an impor-
tant issue. Second, it has been suggested that at least 4
days of activity monitoring are needed to characterize an
individual’s habitual physical activity pattern49. However,
we are convinced that 48-h sampling is adequate for
comparison at group level. Furthermore, there are several
studies in which 48-h appeared to be adequate to show
the effectiveness of a treatment and/or differences between
a patient group and control group7,50. Third, we used data of
controls from a database and matched the patients for gen-
der and age; perhaps this was not the optimal match for
comparing the actual physical activity. However, the data
from our control groups were comparable with that of other
studies36e38. Fourth, our data from the control group were
obtained from an existing database and did not contain
measurements from questionnaires. However, the focus of
our study was the actual physical activity in OA patients
compared to controls and between the two OA subgroups.
Finally, some subjects reported that the AM was not com-
fortable to wear during daily activities or during the night.
However, this did not lead to non-compliance of the AM.
We are convinced that this discomfort had no, or only
a slight effect on the habitual activity pattern. Moreover,
because both the patient group and the control group expe-
rienced this discomfort and we believe that this did not inﬂu-
ence the conclusions of this study. Furthermore, we
emphasize that both patients and their controls did not
know what was being measured with the AM until the end
of the study.Conclusion
This study addresses the impact of OA on the actual
physical activity of hip and knee patients waiting for total
arthroplasty. The actual physical activity for both of the
OA groups was signiﬁcantly and clinically relevant lower
compared to controls. However, this difference was smaller
441Osteoarthritis and Cartilage Vol. 16, No. 4than expected and less dominant than patients’ perception
of limitations in daily life. We found no difference in the
actual physical activity levels between the hip and knee
OA patient groups. Pain was not associated with the actual
physical activity level. The actual physical activity level did
decrease in those patients who were older, had a higher
BMI, or had deteriorating mental functioning. Clinicians
must be aware that the patients’ perception of physical func-
tioning in daily life does not always correspond to the actual
physical activity. Future research should focus on the effect
of total joint arthroplasty on the actual physical activity and
should assess whether the actual physical activity of pa-
tients after surgery reaches the same level as that of
healthy controls.Acknowledgements
This study was ﬁnancially supported by a grant from the
Nuts OHRA Insurance company and the National Health
Service RVVZ (Centraal Fonds Reserves Voormalige
Vrijwillige Ziekenfondsverzekering). The authors would
like to thank all the patients who participated in this study.References
1. Felson DT, Lawrence RC, Dieppe PA, Hirsch R, Helmick CG,
Jordan JM, et al. Osteoarthritis: new insights. Part 1: The disease
and its risk factors. Ann Intern Med 2000;133:635e46.
2. Trudelle-Jackson E, Smith SS. Effects of a late-phase exercise program
after total hip arthroplasty: a randomized controlled trial. Arch Phys
Med Rehabil 2004;85:1056e62.
3. Bellamy N, Buchanan WW. A preliminary evaluation of the dimensional-
ity and clinical importance of pain and disability in osteoarthritis of the
hip and knee. Clin Rheumatol 1986;5:231e41.
4. Bellamy N, Buchanan WW, Goldsmith CH, Campbell J, Stitt LW. Valida-
tion study of WOMAC: a health status instrument for measuring clini-
cally important patient relevant outcomes to antirheumatic drug
therapy in patients with osteoarthritis of the hip or knee. J Rheumatol
1988;15:1833e40.
5. Steultjens MP, Roorda LD, Dekker J, Bijlsma JW. Responsiveness of ob-
servational and self-report methods for assessing disability in mobility
in patients with osteoarthritis. Arthritis Rheum 2001;45:56e61.
6. Stratford PW, Kennedy DM. Performance measures were necessary
to obtain a complete picture of osteoarthritic patients. J Clin Epidemiol
2006;59:160e7.
7. Bussmann JB, Garssen MP, van Doorn PA, Stam HJ. Analysing the fa-
vourable effects of physical exercise: relationships between physical
ﬁtness, fatigue and functioning in Guillain-Barre´ syndrome and
chronic inﬂammatory demyelinating polyneuropathy. J Rehabil Med
2007;39:121e5.
8. Herziening consensus totale heupprothese. Utrecht: Quality Institute for
Health Care CBO, ISBN 90-6910-169-6; 1994.
9. Quintana JM, Arostegui I, Azkarate J, Goenaga JI, Elexpe X, Letona J,
et al. Evaluation of explicit criteria for total hip joint replacement. J Clin
Epidemiol 2000;53:1200e8.
10. Odding E, Valkenburg HA, Algra D, Vandenouweland FA, Grobbee DE,
Hofman A. Associations of radiological osteoarthritis of the hip and
knee with locomotor disability in the Rotterdam study. Ann Rheum
Dis 1998;57:203e8.
11. Creamer P, Lethbridge-Cejku M, Hochberg MC. Factors associated with
functional impairment in symptomatic knee osteoarthritis. Rheumatol-
ogy (Oxford) 2000;39:490e6.
12. Sharma L, Cahue S, Song J, Hayes K, Pai YC, Dunlop D. Physical func-
tioning over three years in knee osteoarthritis: role of psychosocial,
local mechanical, and neuromuscular factors. Arthritis Rheum 2003;
48:3359e70.
13. De Filippis LG, Gulli S, Caliri A, D’Avola G, Lo Gullo R, Morgante S, et al.
Factors inﬂuencing pain, physical function and social functioning in
patients with osteoarthritis in southern Italy. Int J Clin Pharmacol
Res 2004;24:103e9.
14. Bussmann HB, Reuvekamp PJ, Veltink PH, Martens WL, Stam HJ. Val-
idity and reliability of measurements obtained with an ‘‘activity moni-
tor’’ in people with and without a transtibial amputation. Phys Ther
1998;78:989e98.15. van den Berg-Emons HJ, Bussmann JB, Balk AH, Stam HJ. Validity of
ambulatory accelerometry to quantify physical activity in heart failure.
Scand J Rehabil Med 2000;32:187e92.
16. Bussmann JB, Martens WL, Tulen JH, Schasfoort FC, van den Berg-
Emons HJ, Stam HJ. Measuring daily behavior using ambulatory ac-
celerometry: the activity monitor. Behav Res Methods Instrum Comput
2001;33:349e56.
17. Bussmann JB, Hartgerink I, van der Woude LH, Stam HJ. Measuring
physical strain during ambulation with accelerometry. Med Sci Sports
Exerc 2000;32:1462e71.
18. Kellgren JH, Lawrence JS. Radiological assessment of osteo-arthrosis.
Ann Rheum Dis 1957;16:494e502.
19. Kellgren JH, Lawrence JS. Radiological assessment of rheumatoid
arthritis. Ann Rheum Dis 1957;16:485e93.
20. Roorda LD, Jones CA, Waltz M, Lankhorst GJ, Bouter LM, van der
Eijken JW, et al. Satisfactory cross cultural equivalence of the Dutch
WOMAC in patients with hip osteoarthritis waiting for arthroplasty. Ann
Rheum Dis 2004;63:36e42.
21. Zigmond AS, Snaith RP. The hospital anxiety and depression scale.
Acta Psychiatr Scand 1983;67:361e70.
22. Ware JE Jr, Sherbourne CD. The MOS 36-item short-form health survey
(SF-36). I. Conceptual framework and item selection. Med Care 1992;
30:473e83.
23. Aaronson NK, Muller M, Cohen PD, Essink-Bot ML, Fekkes M,
Sanderman R, et al. Translation, validation, and norming of the Dutch
language version of the SF-36 health survey in community and
chronic disease populations. J Clin Epidemiol 1998;51:1055e68.
24. Nunez M, Nunez E, Luis Del Val J, Ortega R, Segur JM, Hernandez MV,
et al. Health-related quality of life in patients with osteoarthritis after total
knee replacement: factors inﬂuencing outcomes at 36months of follow-
up. Osteoarthritis Cartilage 2007;15(9):1001e7.
25. Bachmeier CJ, March LM, Cross MJ, Lapsley HM, Tribe KL,
Courtenay BG, et al. A comparison of outcomes in osteoarthritis
patients undergoing total hip and knee replacement surgery.
Osteoarthritis Cartilage 2001;9:137e46.
26. Hirata S, Ono R, Yamada M, Takikawa S, Nishiyama T, Hasuda K, et al.
Ambulatory physical activity, disease severity, and employment status
in adult women with osteoarthritis of the hip. J Rheumatol 2006;33:
939e45.
27. Horemans HL, Bussmann JB, Beelen A, Stam HJ, Nollet F. Walking in
postpoliomyelitis syndrome: the relationships between time-scored
tests, walking in daily life and perceived mobility problems. J Rehabil
Med 2005;37:142e6.
28. Garssen MP, Bussmann JB, Schmitz PI, Zandbergen A, Welter TG,
Merkies IS, et al. Physical training and fatigue, ﬁtness, and quality of
life in Guillain-Barre´ syndrome and CIDP. Neurology 2004;63:2393e5.
29. Kaufman KR, Hughes C, Morrey BF, Morrey M, An KN. Gait character-
istics of patients with knee osteoarthritis. J Biomech 2001;34:907e15.
30. Mattsson E, Brostrom LA, Linnarsson D. Walking efﬁciency after
cemented and noncemented total hip arthroplasty. Clin Orthop Relat
Res 1990;254:170e9.
31. Teixeira LF, Olney SJ. Relationship between alignment and kinematic
and kinetic measures of the knee of osteoarthritic elderly subjects in
level walking. Clin Biomech (Bristol, Avon) 1996;11:126e34.
32. Al-Zahrani KS, Bakheit AM. A study of the gait characteristics of patients
with chronic osteoarthritis of the knee. Disabil Rehabil 2002;24:
275e80.
33. Murray MP, Gore DR, Sepic SB, Mollinger LA. Antalgic maneuvers
during walking in men with unilateral knee disability. Clin Orthop Relat
Res 1985;199:192e200.
34. Landry SC, McKean KA, Hubley-Kozey CL, Stanish WD, Deluzio KJ.
Knee biomechanics of moderate OA patients measured during gait
at a self-selected and fast walking speed. J Biomech 2007;40:
1754e61.
35. Mundermann A, Dyrby CO, Hurwitz DE, Sharma L, Andriacchi TP.
Potential strategies to reduce medial compartment loading in patients
with knee osteoarthritis of varying severity: reduced walking speed.
Arthritis Rheum 2004;50:1172e8.
36. Bussmann JB, Grootscholten EA, Stam HJ. Daily physical activity and
heart rate response in people with a unilateral transtibial amputation
for vascular disease. Arch Phys Med Rehabil 2004;85:240e4.
37. van den Berg-Emons RJ, Schasfoort FC, de Vos LA, Bussmann JB,
Stam HJ. Impact of chronic pain on everyday physical activity. Eur
J Pain 2007;11:587e93.
38. van den Bergemons H, Bussmann J, Balk A, Keijzer-Oster D, Stam H.
Level of activities associated with mobility during everyday life in
patients with chronic congestive heart failure as measured with an
‘‘activity monitor’’. Phys Ther 2001;81:1502e11.
39. Caracciolo B, Giaquinto S. Self-perceived distress and self-perceived
functional recovery after recent total hip and knee arthroplasty. Arch
Gerontol Geriatr 2005;41:177e81.
40. Lingard EA, Katz JN, Wright EA, Sledge CB. Predicting the outcome of
total knee arthroplasty. J Bone Joint Surg Am 2004;86:2179e86.
442 I. B. de Groot et al.: Everyday physical activity in patients with end-stage hip or knee OA41. Nilsdotter AK, Lohmander LS. Age and waiting time as predictors of
outcome after total hip replacement for osteoarthritis. Rheumatology
(Oxford) 2002;41:1261e7.
42. Peluso MA, Guerra de Andrade LH. Physical activity and mental health:
the association between exercise and mood. Clinics 2005;60:61e70.
43. Elavsky S, McAuley E, Motl RW, Konopack JF, Marquez DX, Hu L, et al.
Physical activity enhances long-term quality of life in older adults:
efﬁcacy, esteem, and affective inﬂuences. Ann Behav Med 2005;30:
138e45.
44. Strawbridge WJ, Deleger S, Roberts RE, Kaplan GA. Physical activity
reduces the risk of subsequent depression for older adults. Am J Epi-
demiol 2002;156:328e34.
45. McAuley E, Blissmer B, Marquez DX, Jerome GJ, Kramer AF, Katula J.
Social relations, physical activity, and well-being in older adults. Prev
Med 2000;31:608e17.
46. van der Slot WM, Roebroeck ME, Landkroon AP, Terburg M, Berg-
Emons RJ, Stam HJ. Everyday physical activity and communityparticipation of adults with hemiplegic cerebral palsy. Disabil Rehabil
2007;29:179e89.
47. van den Berg-Emons HJ, Bussmann JB, Brobbel AS, Roebroeck ME,
van Meeteren J, Stam HJ. Everyday physical activity in adolescents
and young adults with meningomyelocele as measured with a novel
activity monitor. J Pediatr 2001;139:880e6.
48. Postma K, van den Berg-Emons HJ, Bussmann JB, Sluis TA,
Bergen MP, Stam HJ. Validity of the detection of wheelchair propul-
sion as measured with an activity monitor in patients with spinal
cord injury. Spinal Cord 2005;43:550e7.
49. Masse LC, Fuemmeler BF, Anderson CB, Matthews CE, Trost SG,
Catellier DJ, et al. Accelerometer data reduction: a comparison of
four reduction algorithms on select outcome variables. Med Sci Sports
Exerc 2005;37:S544e54.
50. van den Berg-Emons R, Balk A, Bussmann H, Stam H. Does aerobic
training lead to a more active lifestyle and improved quality of life in
patients with chronic heart failure? Eur J Heart Fail 2004;6:95e100.
